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HAPTENIC PROPERTIES OF PARALYTIC SHELLFISH PCSIOH
I. Introductioa

The purpose of EﬁighprOJECt 2 {a) "o yetzrmine the feasibility >f

joining éhe toxin of Gonyaulax catenella with other molecules to produce
one or more conjugatea having immunogenic propsrties, (b} to devalop 2
specific micro-assay method for paralytic shellfish poison bssed on im-
munological reactiome, and (¢) to lay *he grouvnd work for immunizstion
of humans againat the pofson. Although emphasis has bsen given almost
exclusively to the first obje-tive, rhe nature of the research has given
rise to a number of observat:iounz suggesting ancillary studies related either
to the chemistry of paralytic shellfish poison (PSP) or to the development
of quantitative chemical assay procedures, Very little work has been under-
taken aloag theae lines because of the limited supply of the poison available,
In the first quarterly raport evidence was presented to indicate that
PSP reacts with viirous acid snd that this reaction product will couple with
proteins, The feilure of conjugated PSP-ovalbumin to elicit antibody re-
ironsesin rabbits wes attributed to the high toxicity of the preparation.
It was evident st that time that the two immediate needs were (a) to develop
techinigues for dacreaning the toxicity of the protein conjugates without
seriously altering their immunogenic properties and (b) tc develop quantita-
tive techniques for following the reactions involved. It has been polsible
to vartially fulfill the zecond nead by following the color changes which

take place in the coupiliny, Tes~tion,
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This report gsummarizes the regear . .nducted from Ocuobor
December 31, 1960. During this time the emphasis hsg becn giv -
conjugation of PSP with ovalbumin and bovine garma I/ y.odbulin and no In&

study vi-the immes>logical character: -cic. of the resulting compounds.

II. Experimental

Preparation of non-toxic PSP conjugated antigen,

Through a series of modification In the procedures described pre-

viously, PSP-conjugates of ovalbumin :~d bovine gamma II globulin have
- been produced, whichvwere non~toxic when injected into mice at a level
equivalent to at least 200 ug PSP. The preparations were well tolerated
by rabbits when injected as antigens. The major difference batween this
method and that deacribed previously fe the inclugion of a diglysis step
which appears tc separate the uncoupled and toxlic diazotized PSP from the
conjugated protein,

| Diazotized PSP was prepared by the action of excess sodium nitrite
on PSP as follows: Three milliliters PSP solution (pH 2-4 containing 2.93
mg poison per ml) and 1/2 ml 0.036 mM NaBr were placed in a ten milliliter
volumetric flask, A large excess of solid scdium nitrite (0.4 g) was dis-
solved in the solution, after which 0.5 ml 2M HCl was added and the flask
stoppeicd. The rcection was allowed to proceed for 30 min. at 25°C, At
the end of this period, the flask was placed in an ice bath and the con-
tents diluted to 10 ml, The final concentration was equivalent to 0.879 mg

PSP/ml,
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The sodiuvm bromide was added 1n an - rfort to suppregs 2ol7 - o
(1),'but subsequent studies have indicated that this add{tism ..
sary. It should also be recognized that the exact nature of the reaniionu..
with nitriteris hof“kﬁgwn and g?é; th> rarm "diazotized™ is used at tiis

= - : e
time as a mattar of comvenience.

‘The conjuzated aﬁtigensawere prepared by combining 10 ml of dia-
zotized fSP*with 4 ml of 127 bovine gamma II globulin or ovalbumin at pH
7 and allowing the mixture to stend {-r 10 dayz at 25°C. The initial
. color of these prepafaticns waa pale y~1llow, In the case of the globulin
reaction, a change from pale rcliw to dar% amber was obgerved with ree-
spect to time while the ovalbumi prepararion changed from a pale to bright
yellow., The controls for thes» reactione conaisted of the protein solu-
tions without diazotized poisor and diazotized poison without proteins.

At the end of the reaction perind both the protein solutions were colorless
and ¥he diazotized poison r=mained a2 pale yellow.

The conjugated antigens and c~ontrole were placed in cellophane bags
and diaiyzed at 25°C agsin+t 8 hourly changes of distilled water with
agitation. The first few dialysates from the conjugated proteins were
faintly yellow, while those from the protein alone were colorless., The
dialysates from the diezotized poison were discernibly yellow for the first
six changes. A corresponding decrease in color of the poison solution was
observed. After dialysis the conjugated PSP-bovine gammna II globulin was
red~orange and PSP-albumin a deep yellow. Those solutions were diluted

«n rhyrioleg'~~1 salipve to contsfu 6.25 mg protein/ml and an estimated
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concentration equivalent to 0,01 mg PSP/my protein. Losses wera zitimevad
from the intensity of the yellow color of the diazctized polson oy

from the dialysate. In order to completely detoxify the PSP-albumin, it was
nacessafy-tojdii;y:e Eh;skprgp;;;tion ior g ~dditional six hqurs against
running watet.\f. L

The evidence diveloped at this time, indicating that PSP-protein
conjugates have been formed, may be summarized as follows:

1, PSP-proteins have a characteristic color which is different from the
color of the reactants.

2, The color asséciated with PSP-pratezis L5 auvt dialyzeble,

3. Precipitation of PSP-protein with trizhlorecacetic acld does uot cause
a dissociation of colored moiety.

An observation that PSP forme a colored reaction product in the
presence of aromatic diazonium salts suggested the possibility of coupling
PSP to protein through the use of a doubly diazotized intermediate, such
as bis-benzidine, Since histamine has many similarities to PSP, including
the capacity tc react with aromstic diazonium salts, it is being used in
the development of a model system,

The feaction batween PSP and aromatic diazonium salts is very sen-
sitive. jecause large numbers of other compounds enter into similar re-
actions, it ie an unattractive choice as a basis for an assay procedure

when compared to the reaction between diazotized PSP and B-naphthol, which

was discussed in the previous report,
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Immunological Studies Related to Datzxmis . the Antigenicity of VsP=-uvale

bumin and PSP-bovine gamme IT globulin.

The PSP-ovalbumin and PSP-bovipe gamma 11 globui.r, described in

the previcus secticl; were usccd-to fmuuinize £o~ eroups of three rabbits

each, The £ir:z group received intravenous injections (lateral ear vein)
group

of PSP-bovine gamma II globulin (PSP-globulin), and the second group resf”"“
ceived intravenous injections of PSP-ovalbumin, 7The immunization schedule
employed is displayed in Table 1,

The remaining two grcure of rabbirz were immunized by intramuscular
injection (semimembrancsus and semitendemosus wuscies) witn a mixture of
equal proportions of Freund’'s adjuvant and the coupled antigens., Three
and pne-tenth ml. of *these mixtures were (niected in each hind leg, These
rabbits were bled 21 days after tnjection. The total volume of the PSP~
protein solutions used *to jumunize the rabbits in each of the four above
groups was 3.1 ml,

Four additionual groups of three 1abbite each were immunizad intra-
venously or intramuscularly, as deacribed above, with ovalbumin and bovine
gamma II globulin, These rabbits served as a source >f anti-gamma globulin
and anti-ovalbumin sera for control purpozes and as means of noting which
of the two {mmunjzation routes elicited the highest antibody titers.

The collected sera from the above rabbits were tested for their

precipitin content by mixing a constant volume of serum with varying con=

centrations of antigen, incubating in a 37°C water bath for 1 hour, followed
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by overnight incubation at 5°C. Following incubation tha tudss wr aoyd
fuged at 1000 rpm for 3 minutes and observed for precipicate. (a ail *=sis,
controls counsisted of 0.4 ml, of saline mixed with 0.5 =ml. of 2erum diluzed.,

FEAN and"Q,é:ﬁl.{df qg}}gé¥mi;§§3ﬁiit 0.~ ml, of each of the undiluted antl-
gens, f§~honeléf fhe‘titfationa did a precipitate form in the contrcl tubes.
The antibgdy titers of the #nti—globuiin, anti-PSP-globulin, anti-ovalbumin
and anti-PSP-ovalbumin sera Qere all in excess of 1:2,560 when tested against
their homologous antigens, indicating =2xcellent antibody production.

Tables 2 through 6 show the results observed when anti-PSP-glotulin
and anti-globulin sera were titrated sgsinsd PST-plebuiin, globulis, and
PSP-ovalbumin antigens. Sera 4, 12, 1}, and 14 were obtained from rabbits
injected intramusculsrly and sera !5 18, 19, and 20 were from rabbits
injected intravenously, Though si{x rabbits were injected with globulin
(3 I.V. and 3 I.M.), only two of thece gera were titrated in order to con-
serve tﬁe limited supply of conjugated antigens. (See Tables 4 and 6, sera
9 and 15.)

To determine whether antibedy wae produced to the PSP portion of
the molecule, croee reactions were attempted with the heterologous systems
of anti-PSP-globulin to PSP-ovalbumin and anti-PSP-ovalbumin serum to PSP-
globulin, The results obtained with serum number 12 (Table 2) indicated
‘that some cross reaction occurred between PSP-ovalbumin and anti-PSP-

globulin, However, when thease tests were repeated, the cross reaction

was not observed (Table 3).

e Best Available Cop



Tables 7vthrough 10 show the resulv: osxerved when anti-kir-cvaibumin
and an%i-ovalbumin sera were titrated against PSP~cvalbumin, Bt
PSP-globulin, Serum aumber 29 (anti-PSP-ovalbumin) comsiztently cro:ns

V:S;ctéd??éfﬁlES?szf9$ﬁlipw;n_a number of triale. (See Tables 9 and 10.)
Since the Oniy factor héld inbcommon betweeu the two systems was the PSP
portion of the molecule;'and since normal serum, collected from this rabbit
prior to immunization with PSP-ovalbumin, did not react with any of the
antigens, a haptenic response appaare t- hsve been obtained in this instance,
In this series, also, six rabbits were immunized with ovalbumin, but only
two sera were titratad in order ©o (ongerve corjugated antigens (Sera 24
and 30, Tables 8 and 11).

In addition to tube precipitin fests, a series of Ouchterlony plates
were prepared in which ant{-PSP-globulin, anii-PSP-ovalbumin, anti-globulin,
band anti-ovalbumin were tested against homologous and heterologous antigens.
A second series of plates was prepared in which 5 mouse lethal units of
PSP were reacted against the akrve four types of sera as well as normal
serum obtalned from the game rabbicts prior to immunization, The results
of these teste are summarized in Tables 12 and 13, Except for the observa-
tions on serum #29, these data are in agreement with the results obtained
from the tube precipitin teste and indicate that strong antibody responses
were produced only tc the protein porticms of the conjugate molecules.

Because it i{s possible to obtain non-precipitating types of anti-
bodies which are mot demonstrable by in vitro tests, a series of mouse

protection tests were conducted to determine the possibility of protectiva
-7 -
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antibodies having been produced. Three pairs of mice wera empi}yﬂd coed o dae
jected intraporitoneally with 1.0 ml. of the follewing: saline, normal

. =~hbit serum, and anti-PSP-ovalbumin (serum 29). Twenty-four hours later
the.micé iecgived a second 1.0-m], injection of their respasctive reageﬁféhﬁ
and were challanged 4 hours later with 5 lethal mouse units of PSP. All
the mice died betvz2en 3 1/5 and 4 1/2 minutes, Because no significant dif-
ference in time of death was observed between the mice receiving saline

or normal serum as compared to those receiving immune serum, it was as-
sumed that protective antibodies were not produced.

As an alternsce procedure for detecting antibodies not demonstrable
by in vitro techniques, s skin test was performed to demonstrate the presence
of sensitizing antibodisce, Rabbit No., 27 (immunized with PSP-ovalbumin) was
depilated on the dorsal surface snd injected intradermally at 5 sites with
0.1 ml. aliquots of the following materials:

(a) ovalbumin

(b) PSP-ovalbumin

(¢) globulin

(d) PSP-globulin

{(e) 1 mouse unit PSP
Observations were made at various intervals throughout a 48-hour period and
a very strong Arthus-type resction was observed at the sites in which oval-
bumin and PSP-ovalbumin were injected., No reactions were observed for the

remaining materials,

e Best Available COp,



A,

Because of the consistent precipitin reaction between ant. . -

ovalbumin and PSP-globulin (Tables 9 and 10), it appears that PSP may be

a specifi&

gaturation

f:gapﬁéhiaaﬁb"t,that insufficient toxin was coupled to the protein to obtain

reaction of high titer. These data suggest that a more cqmpléieﬁ“”

of the protein molecules with toxin may result in the production

of sera with which the haptenic properties of the PSP can be demonstrated

more clearly,

JI1I, Conferences

BERKRLEY, CALIFORNTA

An informa. meeting was held Dacember 5, 1960, on the Berkeley campus,

University

of California, to discuss chemical and immunological reactions of

paralytic shellfish poison. Those in attendance were:

Dr,

Dr.

Dr,

Dr.

During the

e .
d:us\-!l bwve

Henry Rapoport, Department of Pharmaceutical Chemistry
University of California

John H. Phillips, Department of Bacteriology
University of California

K. H., Lewis, Chief, Milk and Food Research, Taft Engineering
Center, Public Health Service

J. E, Campbell, Chief, Food Chemistry, Milk and Food Research,
Taft Engineering Center, Public Health Service

Joseph F, O'Brien, Senior Sanitarian (Shellfish Consultant),
Region IX, Public Health Service, San Francisco,
California

course of this discussion several useful ideas were developed

been summarized below,
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1. UFilization of the baslc characteristics of PSP for zoupiimg o invs.

Formation of stable PSP-protein comjugates might t~ induied by 1:
:ctﬁﬁg the base-form of PSP with an acid protein, Although the nucles-
proteins would be a nstural ch&ice for this reaction, other proteins could
be made acid by the ;;dition of formaldehwde prior to coupling.

2., Modification »f the reaétion between diazotized PSP and proteins,

The lengthy ' ime requifed for coupling diazotized PSP and proteins

was considered to be very undesirable, it appeared that the time required

for this reaction would be greatly reduced by raising the pH of the reactant

to 9 - 9.5, It was also suggesrsd rhat coupling should be carried out
under an inert atrmosphere {n ~rder to minimize oxidative changes,

3. Alternate methods f.- immunizsticrn,

In discuassing the relative wmerits of various {mmunization techniques
the possibility of inducing an immuae reaction against PSP by the injection

of the organism Gomyaulaux cntenclla wss suggested, It was felt that direct

injections of homogemates of the cells would be tolerated by rabbits. If
it proved to be tec toxir, the homogenates could be fractionmated by dialysis

or ammonfium sulfate fractionation,

CINCIRNATI, OHIO
On December 31, 1960, an informal meeting was held between Dr. Dudley

P. Glick and the members of the Milk and Food Research Staff iqvolved in the

protert, TInformal nrogress reports were given by Drs, Campbell and Angelotti

on the chemical and immunological phases of the work. These reports were

- 10 -
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followed by a general ciscussion fmcluzi g an attempt to evaivoos ~u
cirrent position in terms of the major objectivss,

It was generally recognized that the limited avai.abtlity -¢ suri-
fied PSP represents a subatantial handicap, especially in comnection wiiwm

undertaking an investigation needed for the development of a clear unders ©

standing of the chemical reaction 1nvolved>or for exploring promising ob-
servations which might lead to a uwseful micro-ochemical assay., Easentially
all the work reported to date ha« heen accomplished using 129 milligrams
of purified FSP and about helf of this wag¢ uned for the preparation of the
protein conjugates, Sufficient PSP 18 avellable to make one more attes.:
at immunizatinon and to evaluate the haprenic property of the diazotized
PSP, PFurther progress will depend ua obtaining additional supplies of

purified PSP from the U, S. Army Chemicsi Corps Blologicsl Laboratory.

1IV. Projected Research fox Third Quarter, FY 1961
Projected research for the third juarter, FY 1961, will be directed
toward the following objective?:
1. Preparation of PSP-ovalbumin and PSP-bovine gamma II globulin in which
the amount of diazotized PSP coupled to the protein is increased by
a factor of 10, (The suggestions of Dr, Rapoport in regard to in-
creasing the rate ot reactions will be included in these syntheses,)
2. Investigation of the immunological properties of the above preparﬁtions
to determine whether or not the PSP portion of the molecule is a haptene.

3. Development of more rigorous evidence concerning the nature of the PSP-

- 11 -
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proteins through the use of physical Leciiniques such as electrophorasis
and ultracentrifugation.

4, Continued studies on the development of chemical micro~assay procedures

for PSP,

5. Investigation of alternate methods for coupling proteins to P57,

' V. Summary

Through modifications of procedures described previously, a technique
has been developed fo; conjugating diazotized PSP to protein so that the
" final product is of sufficiently low toxicity te be suitable for use as an
antizen. |

Immunological imvestigations of PSP-ovalbumin and PSP-bovine gamma II
globulin reveal that both onjugates will elicit an antibody responge in
rabbits. Although it was not possible to demonstrate clearly that the PSP
portion of the molecule had haptenic properties, evidence was developed

suggesting this to be the case,

VI. References

1, Brown, R.D,, Duffin, H,C,, Maynard, J.C,, Ridd, J,H., The Mechanism
of the Coupling of Diszonium Salts with Heterocyclic Compounde,
Part I, Glyoxaline, J, Chem, Soc, 3937. 1953,
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Tabic 1.

Immunization schedule for rabbits receiving intravencus inject:oms
of globulin, ovalbumin, PSP-globulin and P5P-ovalbumin

RS ‘ — - - .
o Day Dose ;
1 0.1 ml,
3 0.2 mi,
5 0.3 ml,
8 0.5 ml,
10 1.0 ml.
17 Bled
19 1.0 ml.
26 Bled
- 13 -
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Reaction of rabbitbsera, produced by intramuscular

Table

2.

- . .injection of PSP-globulin mixed in equal proportions
' +7'¢ith Freund's adjuvent, to various antigens

Serum ' L Ko, Dilutions of Antigen
diluted 1:5 | Antigen | of 1 0.4 ml./tube
0.4 ml./tube ' Serum | Un-
34L,) 1:2{1:4 |1:8}1:16] 1:32 | 1:64 |1:128{1:256]1:512
12 + + 2+ + 2+ 2+ 2+ + +
PSP- ‘
Gisbuiin i3 + + |2+ +| 2+ 3+ b4t 4+ 4+ 2+
14 4 4y |4+ 4a ) G+ 4+ 4+ 4+ 3+ 3+
Anti-PSP- 12 { J 2+1 2+ 24 3+ 3+ 2+ +
Globulin -
o IM Globulin 13 - - +] 4+ 2+ 3+ b+ bt b4t
first
bleeding 14 2+ + |24+ | 4+ 4+ 4+ 4+ 4+ 4+ 4+
12 3+ + 1 + - - - - - - -
PSP- 13 + -1 - -1 - - - - - -
Ovalbumin
14 + -1 - - - - - - - -
- 14 -
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Reaction of rabbit serum rnumber 12, produced by

Table 3.

intramuscular injection of PSP-globulin mixed in equal
proportions with Freund's adjuvent, to various antigens

Serum N No. Dilutions of Antigen
diluted 1:5 | Antigen ;of 0.4 ml,/tube
2.4 ml./tube Servm | Un-
d11,§1:2]1:4}1:8{1:16 | 1:32 §1:64 }J1:128|1:256{1:512
PSP-
Globulsn| 12 + +1 + | +] + 2+ 3+ 3+ 2+ 2+
Ant{-FSP-
Globulin -
IM
first Globulin 12 - - + | 4 2+ 3+ b4+ 44 3+
bleeding
(repeat
;- of 12)
PSP-
Ovalbumin] 12 - - - - - - - - - -
- 15 -




Table &,

Reaction of rabbit serum, produced by intramuscuiar iajectiom of
 globulin m{xed in equal proportions with
Freund's adjuvent, to various antigens

Serum : B Co Nq.‘: _ Dilutions of Antigen

diluted 1:5 | Aritigen | of ' . 0.4 ml./tube

0.4 ml,/tube Serum | Un-

Hmmﬁmmh,m& dirfazlvafre| e Loz e [ 1:028 18561512
PSP~ ,

Giobulia % 4 b+ b+ b+ | 4+ 4y 4+ 3+ 2+ «

Anti-PSP-

Globulin Globulin 9 j G iy |0 G b4 by bt 4+ I+

M
' PSP~
Ovalbumin 9 - - - - - - - - - -
- 16 -
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Table 5.

Reaction of rabbit sera, produced by intravenous injecticns of
PSP-globulin, to various antigens

Serum o e, Dilutions of Antigen
diluted 1:5 | Antigen |of 0.4 ml,/tube
0.4 ml,/~ube| Serum | Un, -
dil.; 1:211:4}1:871:16 | 1:32 } 1:64 | 1:128]1:256i1:512
: 18 + |+ +1 + ] 2+ 2+ 2+ + + -
)
Globulin| 19 * +1 o+ |+ + + + 3+ + +
20 Rabbit died - unknown Cav 8
Anti-pPSp- 18 - - + 12+ | 3+ 3+ 3+ 4+ 2+ 2+
Globulin
v Globulin{ 19 - - - + + + 2+ 2+ 2+ 2+
first ;
bleeding } 20 | 1 Rabbit died - unknown causes o
14 vy - - - - - .
PSP~
Ovalbumin| 19 + - - - - - - - - -
20 Rabbit died - unknown causes
T
18 44 by | b+ |4+ 4+ /3 44+ 3+ 3+ +
PSP~ '
Globulin 19 4+ Gy | G+ G+ 4+ 44 44 44+ I+ +
20 Rabbit died - unknown causes
Anti-PSp- 18 - + | 2+ {2+ 3+ b4+ 4+ 3+ 3+ 3+
Globulin
Iv Globulin | 19 + |4+ |4+ j4+ | 4+ 4+ 4+ 44 4+ 4+
second
bleeding 20 Rabbit died - unknown csuses
18 - -] -] - - - - - - -
PSP- S
Ovalbumin! 19 + - - - - - . - - -
]
! . i
20 1 | Raobbit died'- unknown causes
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Table 6.

Reaction of rabbit serum, produced by intravenous injections of
globulin, to various antigens

Serum - .. | Ne. . Dilutions of Antigen
diluted 1:5 | Antigen |[of : 0.4 ml,/tube
0.4 ml./tube ' Serum | Un- -
) d41.j1:2]1:4)21:8/1:16 | 1:32 | 1:64 | 1:128[1:256]1:512 |
%
PSP-
Globulin 15 | 4+ o4+ |3+ |3+ 2+ 2+ + + - -
Anti- 1
Globulin
v Globulin 15 Ly 4+ T4y 14+ 3+ 3+ 3+ 2+ 2+ +
first
bleeding ‘ , !
..
e PSP-
Ovalbumin} 15 2+ - - - . - - - - -
. PSPe
Globulin 15 4yt 3+ 13+ |3+ 3+ 3+ 2 2+ 2+ +
Anti-
Glebuiin
v Glebulin | 15 4+ [oa Jar Jae | by bt b 4y b b+
second
bleeding
PSP~ ]
Ovalbumin} 15 - - - - - - - - - j-
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Table 7.

Reaction of rabbit sera, produced by intramusculs» injection
of PSP~ovalbumin mixed -ir =gi:: preportions with
- Freund's adjuvent; to various antigens

Serum - “. No, - ., Dilutions of Antigen
diluted 1:5 | Adtigen | of 0.4 ml./tube
0.4 ml,/tube j | Serum ‘| Un-
: . ' © 1 d41.)1:2]1:411:8]1:16 | 1:32 1 1:64 }1:128]1:256}1:512
21 -1+ ; 2+ 4+ 4+ 4+ b4t b+ i
- ‘
PSP~
Ovalbumin 22 - - - + 3+ 44 4+ 44 3+
23 + {2+ 4+ | b4+ 44 4+ [/ b4+ 44
21 - + s+ | b4 44 4+ b4+ 4y 3+
-Anti-PSP-
ovalbumin  [Ovalbumin | 22 N I T T AV T +
m .
23 + |4+ la+ | 4+ 4+ b4y 4+ 3+ 2+
21 - -1 - - - - - - -
PSP-
Globulin 22 B N - B - - - -
23 -l -1-1 - - - - - -
- 19 .

Best Available Cop:



Table &,

Reaction of rabbit serum, produced by intramuscular injection of
ovalbumin mixed with equal proportions of Ireund's ~ciuvent,
o to various antigens

Serum B A | No. | Dilutions of Antigen
diluted 1:¢5 | Antigen | of C.4 ml,/tube
0.4 ml,/tube : Serum | Un=
: d11,] 1:2{1:4)1:8{1:160 1:32 ] 1:64 | 1:128}1:256{1:512
Ovelbumin| 24 ~ | + | 2+] 4+ 4+ 4+ b+ 3+ &
Anti- PSP~
Ovalbumin Ovalbumin| 24 - - - - + 2+ 3+ 4+ 3+
M
d PSP-
Globulin 24 - - - - - - - - -
« 20 -

Best Available Com




%

Table 9.

IS
'Y

Reactions of rabbit sera, produced by intravenous injectionsg o
PSP-ovalbumin, to varinue intigens

.- 5

Serum i fwe. - o N Dilutions of Autigen
diluted 1:5. | Antigen Jof . 0.4 ml,./tube
0.4 ml,/tube Serum | Un-
-1 dil,121:241:4]1:8]1:16 | 1:32 {1:64 | 1:12811:256]L:512
27 - | = + 412+ | 2+ 3+ 44 44 4+ bs
PSP- ' ,
Ovalbumin| 28 - + 1+ 1 + | 2+ 2+ 3+ 4 fy+ 3+
29 AP R B A - 2+ 4+ 44 4+ 3+
Anti-PSP- 27 + - - + 2+ 2+ 3+ 3+ 3+ 2+
Ovalbumin
v Ovalbumin| 28 + + |+ Fobo2e 34 3+ 4+ 3+ 2+
first
bleeding 29 + - - + 2+ 3+ 4+ 44 4+ 2+
ﬁ 2 7 + - ~ -~ ~ - - - - -
PSP~ 28 - - - - - - - - - +
. Globulin
29 + + b+ - - - - - - -
27 - -1 - - + + 2+ 3+ 3+
PSP~
Ovalbumin]| 28 -1 -] - - + + 2+ 34+ 2+
29 RAbbit died « unknown causes
Anti-PSP- 27 -1 =1~ - + 2+ 3+ 2+ +
Ovalbumin
Iv Ovalbumin| 28 - - - + 2+ 2+ 3+ 2+ +
second
bleeding 29 bbit died - unknown causes
27 -l =] - - - - - - -
PSP~
| Globulin | 28 - - - - - - - - e
! 29 ‘l Rabbit died - unknown causes
- 21 -

Best Available Copy



Table 10.

Reaction of rabbit serum pumber 29 produced by intravenous

injezilone of PSP-ovalbumin to PSP-giow.lir

e

Serum ' No. Dilutions of Antigen I
diluted 1:5 | Antigen |of 0.4 ml,/tube
0.4 ml,/tube Serum | Un- ,
dil,]1:2y1:4)1:8{1:16] 1:32 §1:64 |1:128]11:256}1:512

Anti-PSP-
Ovalbumin PSP~

first Globulin 29 + + + 1 =+ - - - - - -
bleeding

v 29

- 22 -

Best Available ¢«



Table

11.

Reaction of rabbit serum, produced by intravenous iniections ot
ovalbumin. ‘is varinus antigens

el T

~——

Serum - No., Diiutions orf Antigen
diluted 1:5 | Antigen | of 0.4 ml./tube
0.4 ml./tube Serum | Un-
dil.}1:2{1:4/1:8/1:16] 1:32 {1:64 |1:128/1:256§1:512
Ovalbumin | 30 G | o= f2+ {3+ ] Ge | 4x | 4= G+ | G4+ | b+
Anti- .
Ovalbumin PSP~
v Ovalbumin { 30 2+ - - - - - + + by 4+
first
bleeding
PSP~
o Globulin | 30 - - - - - - - - -
Ovalbumin | 30 M VR P B VN G+ | 3+ | 2+
Anti-
Ovalbumin PSP~
v Ovalbumin 30 - - - + 2+ 44 44 4+ 3+
second
bleeding
PSP-
Globulin | 30 - -l - - - - - - -
- 23 -

Best Avaiiabia O




Table 12,

Reaction of rabbit sers to various antigens as
deam~as+=zted in the OQuchterlony priace =athod

Content of | Days N Contents of neripneral weils
center well | incubation {a) (B) ) (D)
0.5 ml, at 5°C Ovalbumin Globulin PSP-Globulin PSP-Ovalbumin
0.5 ml. ().5 “\l. 005 ml. 0.5 mlr
i
2 No reaction Heavy PPT T Heavy PPT No reaction
[’ " 1 11t [ ]
Anti-PSP-
Globulin 6 " " "
#12 ,
8 [1] 1t 1"
10 11} " :: ”n
2 Slight PPT No reaction | No reaction Slight PPT
4 1 1" "
Anti-PSP-
Ovalbumin 6 Mod. PPT " " Strong PPT
#29
8 " Tt " "
10 Strong PPT " v "
2 No reaction No reaction No reaction No reaction
4 " . Slight PPT " "
Anti-
Globulin ) " Strong PPT " "
#15
8 " Double Ring " "
10 1] n Heavy PPT n
2 No reaction No reaction | No regcction No reaction
4 Heavy PPT " " "
Anti~
Ovalbumin 6 " " " "
#20 ,
g " " " Heavy PPT
10 [1] " 11} "
- 24

Best Availah!
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Table 13,

Reactior of rabbit sera to paralytic shallfish

toxin as demonstrated in the-Ouchterlony plate metnod

—

Contents of peripheral wells

, - (A) (B) () (D)
Content of ‘Days ‘ 0.5 ml, 0.5 mi. 0.5 ml, 0.5 ml,
center well incubation Anti- Anti- Anti-PSP- Anti-PSP-
at 5°C Ovalbumin Globulin Ovalbumin Globulin
' #30 #15 #29 #12
..I
2 No reaction No reaction No reaction| No reaction
4 4] tr 1t "
6 1n" " 1" 1]
8 : ' ) 1"
5 mouse
ﬂnitﬂ Of 10 n 1] 1 1"
‘PSP in
0.5 ml, Normal Normal Normal Normal
Serum Serum Serum Serum
#30 #15 ##29 #12
2 No reaction No reaction No reaction| No reaction
4 11} tt 1" "
6 1" 1" T "
8 " 1 1"® 11}
10 " " 11) []]

« 25 =

Best Avaijls
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